Introduction
The fungus Paracoccidioides brasiliensis [1, 2] , an ascomycete of the Ajellomycetaceae family, is the etiological agent of paracoccidioidomycosis, the most important systemic mycosis of Latin America [3] . It is thermo-dimorphic presenting its mycelial form at room temperature and as yeast at 35 -37 ° C or in mammalian host tissues. Several pieces of evidence indicate that the infection of susceptible hosts occurs by the inhalation of infective conidia or arthrospores, which are produced and aerosolized by the mycelial phase [3 -5] . After infection, the conidia convert to multi-budding yeast cells, causing disease [6] . Paracoccidioidomycosis is a disease of considerable socioeconomic impact, since it affects highly productive rural few reported cases of environmental isolation of this pathogen were obtained from soil, dog food and penguin feces, almost casually, with little or no reproducibility [21] , greatly limiting our understanding of the ecology and the actual geographic distribution of the different species.
The Paracoccidioides species appear to be typical K-strategist organisms [22] , with low reproductive rates and low spore production, when in the environment. Still, compared with other soil fungi, P. brasiliensis and P. lutzii grow very slowly, which greatly hampers their environmental isolation, either by direct culture or by animal inoculation [21] . For that reason, we introduce in this work new methods to improve the detection of this pathogen in environmental samples, particularly by using aerosol sampling associated with molecular detection by Nested PCR.
Material and methods

Studied area and fi eld procedure
The studied area consisted of 5000 square meters, located at Lageado Farm ( Ϫ 22 ° 50 ′ 14.36" latitude and Ϫ 48 ° 25 ′ 31.35 ″ longitude), encompassing a riparian secondary forest, where P. brasiliensis had already been isolated from some D. novemcinctus armadillos [10, 23, 24] and detected in soil by Nested PCR [25] .
Six armadillo burrows and two trails, which presented signs of recent animal activity, were chosen and identifi ed as burrows 1, 2, 3, 6, 7 and 8 and trails 4 and 5.
Soil and aerosol sampling
The NIOSH Cyclone Sampler Model BC 251, developed at the CDC (Centers for Disease Control and Prevention, Morgentown, WV, USA), with an implemented air collection pump (SKC Universal Pumps Model 224-44XR) [26 -28] was used to collect aerosol samples due to its small size and ease of handling as it fi ts inside burrows and works with a battery for at least 8 h. This cyclone sampler has two stages, i.e., (1) the air fi rst goes through a 15 ml conic tube that retains particles of 4.9 -2.1 μ m and (2) in the second stage the air passes through a 1.5 ml micro-tube that retains particles of 1.7 -0.41 μ m for a drainage speed of 3.5 liters/minute. This speed was set to enable the collection of P. brasiliensis conidia, which range from 2.8 -3.0 μ m [R. C. Theodoro, unpublished results] .
The cyclonic sampler was placed at the entrance of each of the six burrows, and an air volume of 6,720 liters was sampled in 32 h in four consecutive collections of 8 h each. This procedure was repeated in triplicate for each burrow. Since the equipment (collection pump and samplers) was on for a long duration in the fi eld, an iron support was developed to protect it from animals, rain and wind. The samples were evaluated by direct culture and/or extinction culture techniques, animal inoculation and Nested PCR.
Soil samples from each of the eight collection sites were obtained in triplicate. Soil was collected at depths of 1.0 m and 0.5 m and at the entrance of each burrow. An additional collection, in the Garden of the Biosciences Institute (UNESP-Botucatu), was performed as an external control.
P. brasiliensis isolation of a D. novemcinctus armadillo
A D. novemcinctus individual was captured using a double-entrance trap placed on a known armadillo trail, in the same area where the environmental samples had been obtained. The animal was evaluated for fungal isolation as a positive control for the studied area.
The armadillo was anesthetized with Zoletyl (0.2 mg/kg) and euthanized by total blood cardiac puncture. Liver, spleen, lung and mesenteric lymph nodes were fragmented and inoculated onto Mycosel agar plates and incubated at 35 ° C, as previously described [10] . Microscopic analyses, with lactophenol-cotton blue stain, were performed on all isolated fungal colonies and on the organ fragments to detect the yeast phase of Paracoccidioides (multi-budding cells with bi-refractive walls).
After the isolation of a Paracoccidioides -like fungal colony, the DNA extraction was carried out according to procedures previously described [29] , followed by PCR with the panfungal primers ITS4 and ITS5 [30] . For the amplifi cation reactions, 2 μ l of the DNA was mixed with 2.5 μ l of PCR buffer 10X (100 mM Tris-HCl pH 8.4; 1.5 mM MgCl 2 and 50 mM KCl), 0.2 mM of dNTP mixture, 0.8 μ M of each primer and 1 unit of Taq Platinum (Invitrogen). The thermal cycling conditions were 95 ° C for 4 min, followed by 40 cycles at 95 ° C for 1 min, 55 ° C for 1 min and 72 ° C for 1 min, followed by a fi nal extension at 72 ° C for 10 sec. The PCR product was purifi ed with Exosap-IT (GE Healthcare) according to the manufacturer ' s instruction and sent to the Laboratory for Molecular Diagnosis at the Department of Microbiology and Immunology (UNESP, Botucatu, SP, Brazil) for sequencing in an ABI 3500 DNA Analyzer (Applied Biosystems). Phylogenetic analysis for the identifi cation of these environmental amplicons was carried out by aligning the ITS sequences obtained herein with 15 sequences of P. brasiliensis from GenBank (access numbers: EU870314; EU870315; EU870316; AY631235; EU118561; EU118560; EU118548; EU118554; EU118553; EU118549; EU118546; EU118547; EU118545; EU118543; EU118542) and 8 sequences of P. lutzii from GenBank (access numbers: EU870298; EU870303; EU870306; and inoculated onto Mycosel agar plates and incubated at 25 ° C and 35 ° C, for 60 days (with daily observations). Macroscopic colonies that resemble Paracoccidioides spp. were subcultured on slants of the same medium and evaluated microscopically.
For the extinction technique, the aerosol samples were diluted with a 0.05% Tween 20 solution to 2.4 ml and aliquots of 50 μ l each were cultured, individually, in wells of plates (TPP Test Plate for cell culture, with 12 wells per plate), containing Mycosel agar. This strategy allows the culturing of the entire sample volume and the individualized growth of fungal colonies. Generally growth is only found in about 50% of the wells due to the inactivation of spores during the initial dilution. This procedure is recommended for the isolation of slowly growing microorganisms, which, in other culture techniques, are inhibited or have their colonies hidden by rapidly growing microorganisms [36] . As a positive control for this technique, we used the isolate Pb-dog, known to produce a high number of conidia [R. C. Theodoro, unpublished results] . The isolates were grown on soil extract agar (SEA) [37] at 25 ° C and 35 ° C for 60 days and surface colonies were scraped with the aid of a loop to release mycelial fragments and conidia, which were processed as the environmental aerosols.
Animal inoculation
The aerosol samples, obtained from each of the six armadillo burrows, were resuspended in 0.85% NaCl solution and then 0.1 ml of the suspension was inoculated, by intra-testicular route, into Mesocricetus auratus (Syrian hamsters). It was established in previous studies that this route was the most suitable for fungal dissemination and recovery [38 -43] . Five animals were used per sample, two of which were evaluated after 30 days and three after 60 days. The animals were euthanized by inhaling the anesthetic Halotano (Tanohalo) and cardiac puncture. Spleen, liver and testicles were fragmented and inoculated onto Mycosel agar plates under sterilized conditions, as described previously [44] .
The plates were maintained at 35 ° C for at least 45 days. A positive control was included by inoculating an additional hamster with 0.1 ml of saline solution containing 10 6 yeast cells of P. brasiliensis isolate, Pb-dog. Microscopic analyses, with lacto-phenol-cotton blue stain, were conducted on all the fungal colonies, specifi cally on the organ fragments that resembled the yeast phase of members of the Paracoccidioides genus.
Nested-PCR, sequencing and phylogenetic analysis of environmental samples
All aerosols and soil samples were processed for the molecular detection of Paracoccidioides spp . EU870309; EU870310; EU870311; AF092903; EU870299) in the program Clustal W implemented in MEGA v.5.0 [31] , where Neighbor Joining phylogeny [32] was constructed using pairwise deletion to treat gaps and as the best evolutionary model defi ned by the software. Bootstrap re-sampling [34] was applied to assess support for individual nodes using 1000 replicates.
To distinguish cryptic species to which this new isolate belongs, multilocus sequence typing was carried out as described by Matute et al. [17] and Teixeira et al . [19] , with the same eight coding regions (promoter-exon1 and exons 2-4 of chs2 [chitin synthase], exons 2 and 3 of fks [ β -glucan synthase], exons 2-4 of α -tubulin, exons 2 -3 of arf [adenyl ribosylation factor] and promoter-exon1 and exon 2 of gp43 ). For the species identifi cation (S1, PS2, PS3 or P. lutzii ) of the new Paracoccidioides isolate, the sequences obtained from the eight coding regions were separately aligned, in Clustal W, with the 65 sequences of P. brasiliensis (S1, PS2 and PS3) deposited by Matute et al . [17] and with the 17 sequences of P. lutzii , deposited by Teixeira et al . [19] . Phylogenetic analysis by Neighbor Joining [31] was conducted, using pairwise deletion to treat gaps and Kimura 2 parameters as distance model [35] . Bootstrap re-sampling [34] was applied to assess support for individual nodes using 1000 replicates.
Detection of Paracoccidioides in soil and aerosol samples
The environmental samples were processed as shown in Fig. 1 and the details of the procedures are described below.
Direct culture and extinction technique
For direct culture, the aerosol samples (from both collection tubes, 15 and 1.5ml, together) were washed with 2.0 ml of a 0.05% (w/v) Tween 20 solution, vortexed The DNA was extracted from the soil samples by using the commercial kit Power Soil (MoBio Laboratories Inc.). Briefl y, 0.5 g of soil was mixed with solution C1 and beads. After vortexing and centrifuging, the solutions C2 and C3 were added and the resuspended pellet was maintained at 4 ° C. The mixture was centrifuged and the solution C4 was added to the pellet. The solution was loaded into a Spin Filter and centrifuged. The subsequent steps were washing and elution with solutions C5 and C6, respectively. All solutions, tubes, fi lter and bead tubes were provided by the manufacturer. Two microliters of the extracted DNA from soil samples was used in the PCR tests employing the primers ITS4 and ITS5, as described above.
The aerosol samples were directly processed by PCR (there was no DNA extraction procedure) by washing both capture tubes (the 15 ml and the 1.5 ml one) with 100 μ l of PCR mixture containing 62.0 μ l of nucleasefree water, 20.0 μ l of CG buffer, 2.0 μ l of 0.2 mM dNTP mixture, 10.0 μ l of 30% DMSO, 2.5 μ l of each primer, ITS4 and ITS5 [30] and 1.0 μ l of Taq Phusion Polymerase (Finnzymes). This PCR mixture was divided into four aliquots of 25 μ l each and processed under the following thermal cycling conditions: an initial denaturation at 98 ° C for 5 min (for breaking spore walls), followed by 40 cycles at 98 ° C for 10 sec, 55 ° C for 30 sec and 72 ° C for 40 sec, and a fi nal extension of 72 ° C for 10 sec. Two microliters of these PCR products were submitted to a second PCR with the same primers (ITS4 and ITS5) as a double PCR, in order to increase the sensitivity of the method.
The Nested PCR, for soil and aerosol amplicons , was performed initially with the primers PbITS-E (sense) and PbITS-R (antisense), previously designed [25] for the amplifi cation of a 387 bp fragment in some of the samples. However, a new antisense primer designated PbITS-T (5 ′ GTATCCCTACCTGATCCGAG 3 ′ ) was designed because, as opposed to PbITS-R, it presents 100% similarity with sequences from both P. brasiliensis and P. lutzii . The amplifi cation of a 450 bp fragment was expected with PbITS-E and PbITS-T primers. For the Nested PCR reactions, 2 μ l of the fi rst PCR product was mixed with 2.5 μ l of PCR buffer 10X (100 mM Tris-HCl pH 8.4; 1.5 mM MgCl 2 and 50 mM KCl), 0.2 mM of dNTP mixture, 0.8 μ M of each primer (sense and antisense) and 1 unit of Taq Platinum (Invitrogen). The thermal cycling conditions were: 95 ° C for 4 min, 40 cycles at 95 ° C for 1 min, 55 ° C for 1 min and 72 ° C for 1 min, followed by a fi nal extension at 72 ° C for 10 sec. The standardization of PCR with the primers PbITS-E and PbITS-T was carried out by using positive DNA controls belonging to the four cryptic species of Paracoccidioides (T9B1 from S1, T10B1 from PS2 and EPM77 from PS3, corresponding to the P. brasiliensis complex and Pb8334 from P. lutzii ).
The PCR products were identifi ed by electrophoresis on 1.5% agarose gel stained with ethidium bromide. The amplicons at their expected sizes were purifi ed by using Exosap-IT (GE Healt Hca re) according to the manufacturer ' s instructions and sent to the Laboratory for Molecular Diagnosis at the Department of Microbiology and Immunology (UNESP, Botucatu, SP, Brazil) for sequencing in an ABI 3500 DNA Analyzer (Applied Biosystems). The sequences obtained were compared to GenBank database by the Blastn tool (at http://www.ncbi. nlm.nih.gov).
Phylogenetic analysis to identify these environmental ITS amplicons was carried out as described above for the Paracoccidioides isolated from the nine-banded armadillo.
Approval of the procedures using laboratory and wild animals
This work received approval from the Animal Experimentation Ethics Committee of IBB-UNESP: Protocols 235 and 333 for the manipulation of hamsters and armadillos, respectively, and from the Brazilian Protection Agency (IBAMA) for the capture of armadillos (process SISBIO/ IBAMA 12408-4).
Results
Isolation of P. brasiliensis from one armadillo: microscopic and molecular identifi cation
A total of 1260 organ fragments were cultured and after 16 days of incubation at 35 ° C, a white colony with cerebriform aspects was recovered from a spleen fragment. After subculturing on Mycosel agar slants, it was found to be thermo-dimorphic with budding yeast cells with bi-refractive walls, characteristic of Paracoccidioides spp. (Fig. 2) . After 45 days the other plates containing organ fragments were discarded since no other Paracoccidioides -like colonies were observed.
This new isolate, referenced as T16B1, was also characterized by molecular assays (ITS1-5.8S-ITS2 and multilocus sequence typings). The ITS sequence (access number JQ675762) presented 100% similarity with P. brasiliensis in GenBank database (Blastn). This was confi rmed by the phylogenetic analysis performed in this study, where the isolates were grouped with P. brasiliensis and not with P. lutzii in the Neighbor Joining tree (Fig. 3) . For each of the eight phylogenetic trees obtained by the multilocus analysis, T16B1 was placed in the same cluster as S1 cryptic species (data not shown).
Detection of Paracoccidioides in soil and aerosol samples
Direct culture and extinction technique culture. Portions of four of the six aerosol samples were cultured on a total of 220 plates (110 at each temperature, 25 and 35 ° C). On most of the plates, (85%, 187 plates) uncontrolled fungal growth was observed. While fungal colonies resembling those of Paracoccidioides spp. were found on ten plates at 35 ° C, microscopic evaluation indicated that they were not members of this genus.
By the extinction technique culture, 24 plates, with 12 wells each, were evaluated. After 45 days of incubation, excessive fungal growth was found only with sample B6 (from burrow number 6) at 25 ° C, making colony identifi cation impossible. The remaining plates presented restricted growth, allowing macro-and microscopic observation of the individual colonies. A larger number of colonies were observed at 25 ° C than at 35 ° C (Table 1) , but Paracoccidioides spp. were not recovered with this technique.
The positive controls, with Pb-dog isolate, presented no growth at 35 ° C, while 13 CFU/plate (33.3%) was observed among the plates maintained at 25 ° C.
Animal inoculation . A total of 372 plates inoculated with organ fragments from the hamsters were evaluated, including 360 environmental aerosol samples and 12 positive controls (inoculation with Pb-dog isolate).
Two plates with liver fragments (from animals evaluated 60 days after inoculation) presented colonies that resembled Paracoccidioides spp., but this hypothesis could not be supported after noting no growth at 25 ° C (no thermal dimorphism observed) and negative amplifi cation by Nested PCR of the ITS region (data not shown).
In the positive control, the Pb-dog isolate was recovered 60 days after inoculation from three spleen fragments.
Nested-PCR, sequencing and phylogenetic analysis of environmental samples
The effi ciency of the new primer pair, PbITS-E and PbITS-T, was confi rmed for all the positive controls, which included isolates of the four cryptic species (Fig. 4) . Using these primers, the amplifi cation of some environmental samples, from both soil and aerosol, was also positive (Figs. 5 and 6 ).
Using the double ITS4/ITS5 PCR, followed by the Nested PCR, with the primer pairs PbITS-E/PbITS-R or PbITS-E/PbITS-T, we observed the expected amplifi ed fragments in 5 of the 6 aerosol samples collected in armadillo burrows (a positivity of 83.3%; Fig. 5 and Table 2 ).
Out of the 27 soil samples evaluated (three for each of the collection sites, i.e., burrows B1, B2, B3, B6, B7; trails T4 and T5 and external control (Garden of Bioscience Institute, UNESP, Botucatu)], 7 (29%) were positive for Nested-PCR with the primers PbITS-E and PbITS-T (Fig. 6 ).
Phylogenetic analysis of the ITS sequences obtained from aerosol and soil samples
The alignment of the 12 environmental sequences obtained in this work (accession numbers: JQ669662 -JQ669673), together with P. brasiliensis and P. lutzii sequences from GenBank, revealed seven polymorphic sites. The aerosol sample from burrow B2 shares these seven polymorphisms with P. brasiliensis sequences while the B1  14  2  B2  20  4  B3  22  8  B6  -2  B7  20  2  B8  8  4  Total CFU  84  22 B (1, 2, 3, 6, 7 and 8) are the air samples from the burrows; CFU, colony forming unit .
Fig. 4
Agarose gel electrophoresis of the positive controls by PCR with the primers PbITS-E and PbITS-T. Lane 1: 100 bp ladder (Promega), lanes 2 -5: T9B1 (S1), T10B1 (PS2), EPM77 (PS3) and Pb8334 ( P. lutzii ), lane 6: negative control (nuclease-free water).
Fig. 6
Agarose gel electrophoresis of the Nested PCRs, with the primers PbITS-E and PbITS-T, performed on the soil samples collected from armadillo burrows (B1, B2, B3, B6 and B7), trails (T4 and T5) and external control (Ex. C), as well as on positive (C ϩ : DNA of the isolate T10B1) and negative (NO: nuclease-free water) controls. L is the 100 bp ladder (Promega).
Fig. 5
Agarose gel electrophoresis of the positive Nested PCRs from the aerosol samples collected from armadillo burrows (B1, B2, B3, B6 and B7) and positive control (C ϩ : DNA of the isolate T10B1). The samples B1, B6, B7 and C ϩ were amplifi ed with the primers PbITS-E and PbITS-T, while the samples B2 and B3 were amplifi ed with PbITS-E and PbITS-R. L is the 100 bp ladder (Promega) and NO is the negative control (nuclease-free water), ' -1,-2,-3 and -4 ' refer to PCR aliquot.
remaining environmental samples (aerosols from burrows B1, B3, B6, B7 and soil samples from burrows B1, B2, B3, B7, B8 and from trails T4 and T5) share 6 of these seven polymorphisms with P. lutzii , as shown in Table 3 .
The phylogenetic Neighbor Joining tree of ITS region, encompassing P. brasiliensis and P. lutzii sequences from GenBank database, confi rmed the similarity of most of the environmental amplicons to P. lutzii species, while only the aerosol sample from burrow B2 was grouped together with the P. brasiliensis species complex (Fig. 3) .
Discussion
All the evidence indicates that the PCM infection occurs by inhalation of conidia, the infective propagules produced during the saprobic phase of Paracoccidioides spp. [4] . For this reason, the collection of spores in aerosol samples appears to be a promising strategy for environmental detection of this pathogen.
The aerosol sampling has been successfully employed in closed places to study allergenic fungal particles [26 -28] . The present work used, for the fi rst time, this technique for the ecological study of Paracoccidioides spp., based on the fact that its spores may be spread by environmental changes, such as wind, rain and animal activity in soil, especially by the armadillo Dasypus novemcinctus, its wild host [9 -12] .
The aerosol sampling employed in this study resembles the susceptible host infection and was based on the principle of the separation of conidia by the cyclonic method [28] . Indeed, our results showed a higher positivity of molecular detection, by Nested PCR, for the aerosol sampling (83.3%, fi ve from the six evaluated burrows) than by soil sampling (62.5%, fi ve from the eight collection sites, burrow and trails). This result indicates the high sensitivity of these sampling and detection methods and demonstrates a considerable risk of PCM infection in the studied area.
Culturing methods, namely the direct and extinction techniques [36] , were also used in an attempt to isolate Paracoccidioides spp. from aerosol samples. Direct culture could not be considered a suitable strategy because of the excessive competing fungal growth which prevented colony differentiation and isolation, even on Mycosel agar. This fact becomes a serious problem mainly when studying fastidious fungi, such as Paracoccidioides spp.
[21]. On the other hand, the extinction technique, despite our inability to recover isolates of Paracoccidioides spp., was found to be ideal for culturing aerosol samples because of the individualized growth of spores, even at 25 ° C, in each well which would allow the development of slow-growing fungi.
Our results also pointed out the diffi culty of recovering the yeast phase of the positive control (prepared with the mycelial phase of Pb-dog isolate) after incubation at 35 ° C using the extinction technique despite the fact that the fungus was easily recovered at 25 ° C. This fi nding suggests the necessity of developing culture media and methods for the isolation of the pathogen from its mycelial phase, rather than from its yeast form.
The animal inoculation technique has been extensively and successfully applied for virulence and immunological assays [37, 40, 41, 45] . However, it was not as effective in the recovery of Paracoccidioides spp. from soil as demonstrated by the isolation of only two colonies reported among a very large number of samples described in the works of Albornoz [46] and Silva-Vergara et al . [47] . The negative results found in the present work may be 
due to a small sampling size, in addition to the low sensitivity of this technique when compared to molecular procedures. For instance, the fungal concentration in the positive control used in the animal inoculation (10 6 yeast cells) is very high when compared to the number of fungal propagules that may be found in the aerosol samples. Sampling of more aspirated air using a high volume sampler could be an option to overcome this problem. However, aerosol samplers with high volume of sampled air are not suitable for use in small or enclosed spaces, such as armadillo burrows. As previously reported, the isolation of Paracoccidioides spp. from D. novemcinctus armadillos is relatively easy and, therefore, could be considered an excellent strategy to confi rm the presence of the pathogen in the study areas [9, 10, 24] . Nevertheless, despite its success, this technique presents some disadvantages, such as the need to manipulate and euthanize a wild animal, as well as the frequent contamination of organ fragments. The armadillo isolate obtained in the present investigation, T16B1, was characterized in relation to cryptic species, such that after a multilocus phylogenetic study it was considered to be species S1. This was an expected result, since species S1 and PS2 both occur in our study area and the S1 is more prevalent according to Matute et al . [17] .
According to Teixeira et al . [19] , P. lutzii is prevalent in mid-western Brazil. Surprisingly, most of our environmental Nested PCR amplicons from the ITS region presented 100% similarity to P. lutzii sequences. Even though the ITS region is not suitable for differentiation of the cryptic species from the P. brasiliensis complex (S1, PS2 and PS3), it clearly differentiates P. brasiliensis from P. lutzii [19] . Actually, this is not the fi rst time that a P. lutzii isolate has been detected outside of mid-western Brazil [48] , as it was isolated from a patient in Londrina (Paran á state), in southern Brazil.
This unexpected result emphasizes the importance of acquiring environmental fungal isolates (from soil or aerosol samples) for phylogeographic studies of the Paracoccidioides , since the studies done so far have used mainly isolates obtained from vertebrate hosts (humans and armadillos). The occurrence of both species, P. brasiliensis and P. lutzii , in our environmental sampling may indicate that, although P. lutzii may be present in the studied area, it does not seem to be causing infections of humans or armadillos, since all the animal isolates from this region, evaluated until now, belong to the S1 and PS2 species.
Of course a multilocus sequence typing would be the most appropriate method for determining to which cryptic species the environmental samples belong. To that end, efforts to isolate Paracoccidioides spp. in culture should persist in ecological studies to allow an assertive identifi cation of the pathogen and its cryptic species by morphological and molecular markers other than just the ITS region, since the DNA scarcity of each environmental sample prevented us from carrying out many PCRs.
Still, the evidence that P. lutzii may occur in southeastern Brazil calls our attention to a new challenge, i.e., the development of a molecular technique that not only detects Paracoccidioides spp. in soil, but also distinguishes the isolate in relation to species. Such a technique will certainly contribute not only to improving epidemiological studies but also to elucidating the evolutionary and biogeographic aspects of the speciation processes in this genus.
